Background
==========

Anemia is common in patients with heart failure, and is a multifactorial and multidimensional problem.[@b1-cia-8-111] There has been increasing appreciation of the significance of anemia in the pathophysiology, treatment, and prognosis of heart failure. Once considered a downstream complication of heart failure, anemia is now emerging as a crucial and potentially modifible factor in the overall treatment strategy for patients with chronic heart failure.[@b2-cia-8-111]

Definition
==========

The true frequency of anemia in patients with heart failure (HF) is not only influenced by the definition used, but also differs according to the patient population and demographics in which anemia is being assessed. Unfortunately, the precise cutoff to define anemia in heart failure has mostly been arbitrary, and there is no consensus about definition of anemia specific to patients with heart failure. Although an historical definition of anemia was put forward by the World Health Organization (WHO), such a definition has not been subjected to rigorous clinical validation, particularly in the setting of heart failure.[@b3-cia-8-111],[@b4-cia-8-111] Considerable variability exists in defining anemia, particularly in the setting of chronic kidney disease (CKD), which often coexists with heart failure, as described in [Table 1](#t1-cia-8-111){ref-type="table"}.[@b5-cia-8-111]--[@b7-cia-8-111] Moreover, the threshold hemoglobin level at which anemia treatment should be initiated is an even more complex and controversial clinical question.

Prevalence
==========

Although the reports of prevalence of anemia vary widely, it is unequivocal that anemia is prevalent in patients with heart failure regardless of the clinical setting. The prevalence of anemia was reported to be 37.2% in a recent meta-analysis of a total of 153,180 patients with heart failure across 34 published studies over a seven-year period (2001--2007).[@b8-cia-8-111] This is consistent with the findings from the prospective STAMINA-HFP (Study of Anemia in a Heart Failure Population) registry, which identified a prevalence of 34% in a cohort of 1076 outpatients with chronic heart failure using the WHO definition of anemia.[@b9-cia-8-111] A recent Canadian study of a population-based cohort of 12,065 patients with new-onset heart failure from hospital discharges identified a prevalence of anemia of 17%. In this study, more than half of the patients (58%) were classified as having anemia of chronic disease based on International Classification of Diseases, Ninth Revision (ICD-9) coding.[@b10-cia-8-111] As might be expected, in addition to variations in definitions, the different practice settings have different mechanisms and different prevalence rates of anemia. For example, those patients in acute decompensated states likely experience more dilutional anemia simply due to hypervolemia. Overall, the prevalence of anemia varies widely, ranging from 14% to 56% in outpatient registries to 14% to 61% in hospitalized patients.[@b2-cia-8-111],[@b11-cia-8-111]

Incidence
---------

Anemia and CKD commonly coexist in patients HF. However, patients with significant anemia or advanced CKD are often excluded from the heart failure clinical trials, limiting generalizability of the study results in this subgroup of patients who are at the highest risk and also most likely to benefit from the treatment of anemia.[@b2-cia-8-111] The SOLVD (Studies of Left Ventricular Dysfunction) trial found a 9.6% incidence of new-onset anemia at one year.[@b2-cia-8-111] Recent large trials, such as COMET (Carvedilol or Metoprolol European Trial) and Val-HeFT (Valsartan in Heart Failure Trial) observed higher one-year incidence rates of 14.2% and 16.9%, respectively.[@b12-cia-8-111],[@b13-cia-8-111] However, the volume status of the patients at baseline is not always well characterized; some degree of dilutional anemia can occur as a result of hypervolemia and is likely to resolve with improvement in the volume status.[@b14-cia-8-111] Nonetheless, patients with less impaired cardiac function (left ventricular ejection fraction \> 30%, B-type natriuretic peptide \< 325 pg/mL), relatively normal renal function, and without diabetes mellitus, were more likely to have resolution of their anemia over time.[@b2-cia-8-111]

Mechanisms of anemia in heart failure
=====================================

As previously indicated, anemia in heart failure is multifactorial.

Iron deficiency
---------------

The prevalence of iron deficiency has been reported to range from 5% to 21% in patients with heart failure. Although, in one study up to 73% of HF patients were found to have depleted bone marrow iron stores, microcytic anemia was observed only in a fraction of those patients.[@b15-cia-8-111] A direct link between congestive heart failure (CHF) and iron deficiency anemia (IDA) has yet to be discovered, particularly in the absence of comorbid conditions, such as severe right ventricular failure with gastrointestinal edema resulting in poor iron absorption or advanced CKD associated with uremic gastritis. Cytokine activation and inflammation associated with heart failure may be yet another cause of anemia due to poor iron utilization. Most investigators agree that hematinic abnormalities are infrequent in patients with heart failure.[@b16-cia-8-111],[@b17-cia-8-111] However, subclinical iron deficiency can result in impaired aerobic capacity independent of anemia.

Role of inflammation
--------------------

A commonly entertained but still mostly unproven mechanism is that anemia in heart failure resembles anemia of chronic disease as evidenced by iron acquisition in the reticuloendothelial system.[@b18-cia-8-111] Plasma levels of tumor necrosis factor-alpha (TNF-á), interleukin-1, and interleukin-6 are elevated in severely symptomatic patients with heart failure, promoting iron storage by the reticuloendothelial system, likely contributing to the anemia.[@b19-cia-8-111],[@b20-cia-8-111] Inflmmatory cytokines, such as interleukin-6 and TNF-á, have been shown to inhibit renal production of erythropoietin by activating GATA 2 binding protein and nuclear factor-kB.[@b17-cia-8-111] High levels of TNF-á and interleukin-6 have a tendency to inhibit proliferation of bone marrow erythroid progenitor cells. Hepcidin, an acute phase reactant with intrinsic antimicrobial activity, is synthesized in the liver. Of the two known isoforms, hepcidin-25 plays a key role in iron homeostasis, while the role of hepcidin-20, which lacks the five amino acid sequence, thought to be crucial for iron regulation, remains unclear.[@b20-cia-8-111] Hepatic production of hepcidin is stimulated by interleukin-6, resulting in impaired duodenal iron absorption and down-regulation of ferroportin expression, preventing release of stored iron.[@b20-cia-8-111] Anemia of chronic disease and iron deficiency anemia may coexist in patients with congestive heart failure, complicating the clinical picture, and one may need to measure soluble transferrin receptors and ferritin levels for further delineation.[@b18-cia-8-111] Anemia of chronic disease rather than iron deficiency anemia is far more frequent in patients with heart failure.[@b21-cia-8-111] Although the precise mechanisms are incompletely understood, both inflammatory stress and impaired iron metabolism appear to play a role.[@b22-cia-8-111]

Anemia in an aging population can be further complicated by other factors, including reduced stem cell production, low hematopoietic growth factor production, and altered sensitivity to hematopoietic cytokines.[@b23-cia-8-111] In addition, higher levels of proinflammatory cytokines, such as interleukin-1, TNF-á, and interleukin-6, are noted in a variety of diseases unique to the elderly population, ie, atherosclerosis, diabetes mellitus, and cancer.[@b23-cia-8-111] Although, there are some data to suggest that carnitine supplementation leads to improvement in anemia and possible reduction in erythropoietin-stimulating agent (ESA) requirements in patients with end-stage renal disease on hemodialysis, the role of carnitine supplementation is yet to be explored in anemic patients with heart failure.[@b24-cia-8-111]

Erythropoietin production and resistance
----------------------------------------

Erythropoietin, a highly glycosylated (40% of total molecular weight) proerythrocytic hormone with a half-life of around 5 hours, is a crucial component of the hematopoietic system in regulation of red blood cell production, and subsequently affects tissue oxygen delivery. Specialized peritubular fibroblasts located in the cortex and outer medulla are responsible for the majority of renal erythropoietin production (90%), while the remainder is synthesized in the liver.[@b21-cia-8-111] Renal hypoxia is the main stimulus for erythropoietin production, resulting in an exponential increase in the number of erythropoietin-producing cells.[@b25-cia-8-111] Not surprisingly, this response is blunted in patients with chronic kidney disease. Renal blood flow is relatively well maintained in patients with heart failure until the late stages, especially in patients on angiotensin-converting enzyme inhibitors. Renal hypoxia in this setting is more likely due to the presence of local arteriovenous shunts in the intrarenal circulation, resulting in a substantial reduction in oxygen tension and stimulation of erythropoietin production. Defective erythropoietin production was demonstrated in more than 90% of patients with heart failure and laboratory evidence of anemia of chronic disease.[@b25-cia-8-111] In contrast with earlier studies, more recent studies have failed to demonstrate a significant correlation between erythropoietin production and effective renal plasma flow in the setting of heart failure.[@b26-cia-8-111] A weak but significant correlation between erythropoietin production and estimated glomerular filtration rate indicates that renal dysfunction plays a role in the blunted production of erythropoietin in anemic patients with heart failure.[@b26-cia-8-111]

Renin-angiotensin system
------------------------

Treatment with angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers inhibits erythropoiesis, as evidenced by a decrease in hemoglobin concentration up to 0.3 g/dL.[@b27-cia-8-111] This is mainly due to antagonism of a decrease in angiotensin II-medicated renal hypoxia which in turn triggers erythropoietin production. Notably, angiotensin II also stimulates production of erythropoietic cells directly by the bone marrow.[@b21-cia-8-111] In addition, the amino terminal catalytic domain of the ACE degrades the hematopoiesis inhibitor, N-acetyl-seryl-aspartyl-lysyl-proline (Ac-SDKP). Elevated levels of Ac-SDKP result in inhibition of hematopoiesis and lead to a fall in hemoglobin concentration in HF patients with on ACE inhibitor therapy.[@b28-cia-8-111] However, experimental data in various knockout mouse models involving different angiotensin-converting enzyme components fail to support this theory.[@b29-cia-8-111][Figure 1](#f1-cia-8-111){ref-type="fig"} illustrates the complex inter-relationships of all these mechanisms in the setting of heart failure.[@b30-cia-8-111]

Clinical characteristics associated with anemia in heart failure
================================================================

Age
---

Although the incidence varies widely depending on the definition used, it is estimated that almost 11% of men and 10% of women over the age of 65 years in the US are anemic.[@b31-cia-8-111],[@b32-cia-8-111] Moreover, this proportion doubles in the elderly population over the age of 85 years.[@b32-cia-8-111] Anemia in the elderly is associated with numerous poor outcomes, including a progressive decline in functional capacity, increased vulnerability to falling, and impaired cognition.[@b32-cia-8-111] Elderly patients with anemia often have significant comorbidities, including heart failure and chronic kidney disease.[@b32-cia-8-111] Studies have also demonstrated that, overall, patients with heart failure and anemia tend to be older than their nonanemic counterparts.[@b33-cia-8-111] In contrast with anemia in younger people, anemia in elderly persons is more common in men than in women.[@b34-cia-8-111] Anemia is also approximately three times more prevalent in elderly African-Americans than among non-Hispanic Caucasians.[@b34-cia-8-111] Nutritional deficiencies account for approximately 34% of cases of anemia in the elderly, while anemia of chronic disease, with or without renal insufficiency, accounts for an additional 33%.[@b35-cia-8-111] Studies have shown that, compared with nonanemic patients, the 5-year mortality of anemic men and women is 2.4 and 1.6 times greater, respectively.[@b31-cia-8-111] It should be noted that the increased mortality associated with anemia remains unchanged even after adjusting for pre-existing comorbid conditions.[@b30-cia-8-111] Thus, the presence of anemia has important prognostic implications in older patients, irrespective of heart failure.

Female gender
-------------

The data supporting the higher risk for anemia in women compared with men with heart failure are scarce, in part because of the overwhelming male predominance in most CHF studies. For example, a recent study of anemia in ambulatory patients with CHF reported a 64% male predominance.[@b35-cia-8-111] However, anemia studies in HF patients have noted that the percentage of women steadily increases as the severity of anemia increases.[@b36-cia-8-111],[@b37-cia-8-111]

Chronic kidney disease
----------------------

Chronic kidney disease (as defined by a glomerular filtration rate \< 60 mL/min/1.73 m[@b2-cia-8-111] or the presence of other markers of kidney damage, such as structural or functional abnormalities with or without decreased glomerular filtration rate) and anemia are among the most frequent comorbid conditions in patients with CHF.[@b5-cia-8-111],[@b36-cia-8-111],[@b37-cia-8-111] Not surprisingly, studies have noted that anemia is more prevalent in patients with CHF and CKD than in patients with CHF alone, in both ambulatory and hospitalized settings.[@b31-cia-8-111],[@b36-cia-8-111],[@b38-cia-8-111] The fall in hemoglobin concentration has been repeatedly shown to parallel closely that of estimated glomerular filtration rate in large congestive heart failure registries, and provides strong indirect evidence that the kidney plays a major role in the pathogenesis of anemia in HF patients.[@b33-cia-8-111],[@b38-cia-8-111]

Diagnosis of iron deficiency anemia in patients with heart failure
------------------------------------------------------------------

Anemia with low iron reserve on the basis of low transferrin saturation and relatively higher levels of ferritin identifies the two most common causes of anemia in patients with heart failure, namely anemia of chronic disease (AOCD) and iron deficiency anemia (IDA).[@b39-cia-8-111] AOCD is identified by reduced concentrations of serum iron, transferrin, and total iron binding capacity along with normal or elevated ferritin ([Table 2](#t2-cia-8-111){ref-type="table"}).[@b25-cia-8-111],[@b40-cia-8-111] However, limited data exist to guide treatment of anemic patients in an inflammatory milieu (eg, hemodialysis, heart failure) with high ferritin levels and low transferrin saturation. Iron-responsive anemia has been suggested to exist in patients on hemodialysis with a hemoglobin level ≤ 12 g/dL, transferrin saturation \< 20%, and any ferritin level \< 500 μg/L, considering that ferritin levels may be elevated because of an inflammatory milieu, while higher levels (\>500 μg/L) could potentially indicate a risk of iron intoxication when more iron is administered. The DRIVE (Dialysis Patients' Response to IV Iron with Elevated Ferritin) study demonstrated that administration of ferric gluconate for 8 consecutive hemodialysis sessions to anemic patients with high ferritin levels was safe and effective in correcting the anemia, despite a further increase in ferritin levels (*P* = 0.028).[@b41-cia-8-111]

Treatment approaches to anemia in heart failure
===============================================

The potential benefits of treating anemia in patients with heart failure include improved oxygen delivery, attenuation of adverse cardiac remodeling, improved exercise tolerance, and improved health-related quality of life, along with a potential for reduced ischemic myocardial damage by inhibition of myocardial apoptosis.[@b42-cia-8-111] Given the significant risk related to volume overload, blood transfusion is not a first-line therapy, except in patients with severe symptomatic anemia (hemoglobin \< 7 g/dL). One may consider oral iron therapy, but gastrointestinal side effects are frequent (20%--30%), and often result in poor compliance.[@b43-cia-8-111],[@b44-cia-8-111] In addition, a large quantity of oral iron is required for extended periods to replete the iron stores.[@b45-cia-8-111] Consequently, randomized trials of oral iron application in chronic heart failure are lacking.

Intravenous iron therapy
------------------------

A number of different intravenous iron agents are commercially available with a low toxicity profile.[@b46-cia-8-111] A trivalent iron \[Fe^3+^ or Fe(III)\] is released from the core of these colloids \[Fe^3+^ or Fe(III)\]. Considerable variety exists with regard to the carbohydrate shell that surrounds the central iron molecule in each intravenous iron preparation. The anaphylactic reactions to iron preparations seen in the past were not related to iron itself, but rather related to the dextran in the shell.[@b47-cia-8-111] Hence, dextran-free preparations are a safer and preferred alternative. In the US and across most European countries, three predominant intravenous iron preparations have been marketed until recently, ie, iron hydroxide sucrose, iron gluconate, and iron hydroxide dextran. Recently, additional formulations have been introduced such as ferumoxytol in the US and ferric carboxymaltose in Europe.[@b48-cia-8-111] Several new compounds are also in development but have yet to be tested in patients with chronic heart failure.[@b49-cia-8-111]

Bolger et al performed a prospective, uncontrolled open-label study to evaluate the effects of administration of intravenous iron sucrose in 16 patients with systolic heart failure and hemoglobin ≤ 12 g/dL (all with serum ferritin \< 400 μg/L).[@b42-cia-8-111],[@b50-cia-8-111] Patients with a mean left ventricular ejection fraction of 26% ± 13% and New York Heart Association (NYHA) class II--III heart failure received an average of 950 ± 137 mg of intravenous iron sucrose. After a mean follow-up of 92 ± 6 days, hemoglobin values increased from 11.2 ± 0.7 g/dL to 12.6 ± 1.2 g/dL *(P* = 0.0007) and mean ferritin values increased from 87 μg/L to 217 μg/L.[@b50-cia-8-111] The first double-blind randomized placebo-controlled study was performed by Toblli et al using iron sucrose.[@b51-cia-8-111] A total of 40 anemic patients (hemoglobin \< 12.5 g/dL in men or \< 11.5 g/dL in women) with iron deficiency (ferritin \< 100 μg/L and/or transferrin saturation ≤ 20%) were included and received 200 mg of intravenous iron sucrose or placebo weekly for 5 weeks. After 6 months, hemoglobin increased from 10.3 ± 0.6 g/dL to 11.8 ± 0.7 g/dL in the iron sucrose group, and NYHA class, left ventricular ejection fraction, N-terminal probrain natriuretic peptide, and 6-minute walking distance improved (all *P* \< 0.01). Additionally, the group receiving iron sucrose had fewer hospitalizations *(P* \< 0.01). However, no such propensities were noted in the placebo group. In the FERRIC-HF (Ferric Iron Sucrose in Heart Failure) study, a total of 35 patients were enrolled in two European centers (all ferritin 100--300 μg/L plus transferrin saturation \< 20% or ferritin \< 100 μg/L).[@b52-cia-8-111] According to their hemoglobin values at baseline, anemic (\< 12.5 g/dL) and nonanemic (12.5--14.5 g/dL) patients were randomized into two groups in a 2:1 ratio to treatment group (iron sucrose) or control, respectively. This study demonstrated that treatment with iron sucrose resulted in an increase in transferrin saturation *(P* \< 0.0001) and serum ferritin *(P* \< 0.0001). Interestingly, patients showed improvement in their clinical symptoms, independently of whether anemia was present or not. Iron sucrose was noted to be well tolerated with minimal side effects.[@b52-cia-8-111] The investigators concluded that, in patients with CHF and functional iron deficiency, intravenous iron is associated with significant improvements in maximal exercise capacity and is accompanied by improved symptoms. The improvements were more pronounced in anemic than in nonanemic patients. The FAIR-HF (Ferinject^®^ Assessment in patients with Iron deficiency and chronic Heart Failure) trial is the largest study of intravenous iron published thus far, in patients with chronic heart failure.[@b53-cia-8-111] This study enrolled 459 patients with CHF NYHA functional class II (left ventricular ejection fraction \< 40%) and class III (left ventricular ejection fraction \< 45%) with iron deficiency (ferritin level \< 100 μg/L or between 100--299 μg/L, if the transferrin saturation was \<20%), and a hemoglobin level of 9.5--13.5 g/dL. Patients were randomly assigned in a 2:1 ratio to receive 200 mg of intravenous iron (ferric carboxymaltose) or saline (placebo).[@b54-cia-8-111] The primary end points were self-reported Patient Global Assessment and NYHA functional class, both at week 24. Secondary end points included distance walked in 6 minutes and health-related quality of life.[@b54-cia-8-111] Using the Patient Global Assessment, 50% of patients receiving ferric carboxymaltose reported being much or moderately improved, as compared with 28% of patients receiving placebo (odds ratio for improvement 2.51; 95% confidence interval 1.75--3.61). At week 24, 47% of patients assigned to ferric carboxymaltose had an NYHA class I or II, as compared with 30% of patients in the placebo group (odds ratio for improvement by one class 2.40; 95% confidence interval 1.55--3.71).[@b53-cia-8-111] Strikingly, the results were similar in patients with and without anemia. Investigators also noted significant improvements with ferric carboxymaltose in the distance on the 6-minute walk test and quality of life assessments. The rates of death, adverse events, and serious adverse events were similar in the two study groups. It was concluded that treatment with intravenous ferric carboxymaltose in patients with CHF and iron deficiency, with or without anemia, improves symptoms, functional capacity, and quality of life together with an acceptable side effect profile. Collectively, these studies indicate that intravenous iron therapy improves symptom status and quality of life in patients with chronic heart failure with and without anemia. In addition, they elucidated the importance of iron deficiency as a valid and independent therapeutic target. However, the benefit of iron therapy must be weighed against the potential risks, including promoting oxidative stress and iron overload in the setting of heart failure as well as chronic kidney disease. Large-scale, randomized controlled studies are needed to determine the mechanisms of benefit and long-term cardiovascular outcomes associated with supplemental iron therapy in elderly patients with heart failure.

Therapy with erythropoietin and other ESA
=========================================

Clinical experience with ESA in the chronic kidney disease population has resulted in a great interest in the potential role of ESA in patients with heart failure. In the early 1990s, blood transfusions was the only effective treatment for anemia in patients with CKD prior to the approval of genetically engineered recombinant human erythropoietin in the US. A number of recommendations have been proposed for the clinical use of ESA in the population with CKD.[@b55-cia-8-111] The target hemoglobin level in CKD is still a matter of great debate, partly due to the increased risk of cardiovascular events, thromboembolic events, and higher mortality associated with higher target hemoglobin levels in randomized controlled studies.[@b56-cia-8-111]--[@b59-cia-8-111] In addition to increased viscosity of blood, various other mechanisms are thought to play a role in increasing thromboembolic risks with ESA therapy.[@b60-cia-8-111] Further, not only did the large randomized studies not show retardation of renal progression with ESA treatment, but there was an increased risk in CREATE (Cardiovascular Reduction Early Anemia Treatment Epoetin beta) or no benefit in the CHOIR (Correction of Hemoglobin Outcomes in Renal Insufficiency) and TREAT (Trial to Reduce Cardiovascular Events with Aranesp^®^ Therapy) studies with regard to renal outcomes after correction of anemia ([Table 3](#t3-cia-8-111){ref-type="table"}). Thus, treatment with ESA in patients with HF and CKD should be initiated with caution.

Over the last few years, a number of studies have been published concerning treatment of anemia in chronic heart failure using epoetin or its analog, darbepoetin alfa. In one such study, 26 anemic patients were randomized to receive epoetin (15,000--30,000 IU per week) or placebo for 3 months. Epoetin was well tolerated by all patients.[@b61-cia-8-111] In this single-blind, placebo-controlled study, patients in the treatment group showed a significant increase in peak oxygen uptake of 15.5% (*P* \< 0.05), and exercise time increased by 11.4% (*P* = 0.004). Moreover, the 6-minute walking distance increased by 11.9% (*P* \< 0.05). However, this study had a significant limitation, being a single-center study with a small sample size and single-blind design.[@b61-cia-8-111]

Darbepoetin alfa is recombinant human erythropoietin, and has a molecular weight of 37,100 Daltons and additional carbohydrate chains resulting in a longer half-life, increased biologic activity, and decreased receptor affinity. A broad Phase II trial program of darbepoetin alfa in anemic patients with chronic heart failure was conducted (three trials, n = 525). The first study was of a multicenter, double-blinded, randomized, placebo-controlled design, in which 41 patients with a left ventricular ejection fraction ≤ 40% and anemia (hemoglobin 9.0--12.0 g/dL) were included and treated with placebo or darbepoetin alfa (n = 19, starting dose 0.75 μg/kg, treatment 2-weekly) for 26 weeks.[@b62-cia-8-111] At the end of the study, the change from baseline in hemoglobin was 2.4 ± 0.4 g/dL versus 0.9 ± 0.5 g/dL for the darbepoetin alfa and placebo groups, respectively. The difference in the mean change between the treatment groups was 1.5 g/dL (range 0.5--2.4 g/dL, *P* = 0.005). Use of darbepoetin alfa was associated with an improvement in quality of life (by Patient Global Assessment; *P* = 0.03) and a trend toward improved exercise capacity. However, no statistical difference was noted in the primary end point, which was the change in exercise tolerance from baseline to week 27 as measured by peak oxygen uptake (mL/min/kg body weight).[@b62-cia-8-111] STAMINA-HeFT (Studies of Anemia in Heart Failure Trial), the largest published study of darbepoetin alfa in anemic patients with chronic heart failure, included 319 patients with symptomatic heart failure, left ventricular ejection fraction ≤ 40%, and hemoglobin ≥ 9.0 g/dL and ≤12.5 g/dL. Patients were randomized in a double-blind manner to placebo (n = 157) or darbepoetin alfa (n = 162) subcutaneously every 2 weeks for one year to achieve a target hemoglobin of 14.0 g/dL. The primary end point was a change from baseline to week 27 in treadmill exercise time. Secondary end points were change from baseline in NYHA class and quality of life.[@b63-cia-8-111] At week 27, darbepoetin alfa treatment increased the median (interquartile range) hemoglobin by 1.8 (1.1--2.5) g/dL compared with the placebo group (0.3 \[−0.2--1.0\] g/dL; *P* \< 0.001). In the group being treated with darbepoetin alfa, 85% achieved two consecutive hemoglobin levels of 14.0 ± 1.0 g/dL during the study period. However, the study failed to show any significant improvement in exercise duration, NYHA class, or quality of life score with darbepoetin alfa treatment by intent-to-treat analysis. A trend toward significance was observed with lower risk of all-cause mortality or first heart failure hospitalization in patients treated with darbepoetin alfa compared with placebo, but this was not statistically significant (hazard ratio 0.68; 95% confidence interval 0--1.08; *P* = 0.10). Occurrence of adverse events was similar in both treatment groups.[@b63-cia-8-111]

A recent meta-analysis of epoetin treatment in patients with chronic HF considered seven randomized controlled trials comparing ESA treatment with placebo.[@b64-cia-8-111] Of the 650 patients enrolled, patients treated with ESA (n = 363) had a lower risk of hospitalization compared with those treated with placebo (n = 287). A summary of the studies included is shown in [Table 4](#t4-cia-8-111){ref-type="table"}.[@b61-cia-8-111]--[@b63-cia-8-111],[@b65-cia-8-111]--[@b67-cia-8-111],[@b70-cia-8-111] The treatment did not make any difference to mortality risk, occurrence of hypertension, or venous thrombosis.[@b68-cia-8-111] Consequently, the RED-HF (Reduction of Events with Darbepoetin Alfa in Heart Failure Trial, clinicaltrials.gov identifier NCT00358215) has been initiated.[@b69-cia-8-111] The RED-HF trial is a double-blind, randomized, placebo-controlled, parallel-group, multicenter study currently enrolling patients to examine the effect of ESA treatment on morbidity and mortality in patients suffering from heart failure (NYHA class II--IV) with left ventricular ejection fraction ≤ 40% and anemia. This study of 2600 patients with heart failure and hemoglobin levels of 9--12 g/dL will randomize patients to either placebo or darbepoetin alfa, with a target hemoglobin level of 13 g/dL. It is the aim to determine, compared with placebo, the efficacy of darbepoetin alfa on the composite of first hospital admission for worsening heart failure or death in subjects with anemia and chronic heart failure. Another study evaluating the impact of treating anemia in subjects with preserved ejection fraction (HFPEF, Anemia in Heart Failure With a Preserved Ejection Fraction study) on functional capacity, ventricular structure and function, along with overall functional status is under way. In this randomized, prospective, double-blind study, 80 subjects with heart failure and preserved ejection fraction will be randomized to either subcutaneous injection of erythropoietin alpha administered weekly using a prespecified dosing algorithm to achieve a target hemoglobin of 13 g/dL for 24 weeks versus placebo (NCT00286182).[@b70-cia-8-111]

It is also reasonable to consider combination therapies of epoetin or darbepoetin alfa with intravenous iron, but no data are available from randomized controlled trials in patients with chronic heart failure.[@b46-cia-8-111] Combined epoetin and intravenous iron therapy was evaluated in a single-center study which included 26 patients with persistent severe congestive heart failure (NYHA class \> III), a hemoglobin level of \< 12 g%, and resistance to maximally tolerated congestive heart failure therapy.[@b71-cia-8-111] Intravenous iron sucrose and subcutaneous epoetin were administered once weekly for 7 months (treatment target hemoglobin 12 g/dL, serum ferritin \> 400 μg/L, or transferrin saturation \> 40%). The mean hemoglobin level improved to 35.9% ± 4.22%, along with improved mean left ventricular ejection fraction to 35% ± 8%, and mean NYHA class improved to 2.7 ± 0.7 (*P* \< 0.001). However, a small sample size and open-label design were significant limitations of this study.[@b71-cia-8-111] The same investigators published a randomized open-label study about a year later which included 32 patients with moderate to severe congestive heart failure (NYHA class III--IV) who had a left ventricular ejection fraction \< 40% despite maximally tolerated doses of CHF medications, with hemoglobin levels persistently between 10.0 g/dL and 11.5 g/dL. The patients were randomized into two groups, ie, group A (16 patients) who received subcutaneous epoetin and intravenous iron to increase the level of hemoglobin to at least 12.5 g/dL and group B (16 patients) who received no treatment. After 8 months of therapy, an improvement was noted in NYHA class from 3.8 ± 0.4 to 2.2 ± 0.7 (*P* \< 0.0001) and a significant improvement in left ventricular ejection fraction was seen in the treated patients compared with the untreated control group.[@b72-cia-8-111]

Data regarding treatment with intravenous iron with or without ESA therapy is limited in elderly patients with anemia in the setting of heart failure because this group of patients is often excluded from the studies.[@b73-cia-8-111] One study evaluated 487 consecutive elderly patients with advanced congestive heart failure along with mild-to-moderate chronic kidney disease and anemia. Of the 65 patients who met the inclusion criteria, 27 patients received combination therapy with ESA and intravenous iron sucrose, while 38 patients in the control group received no treatment for anemia. At follow-up (15.3 versus 8.6 months), patients in the intervention group had higher levels of hemoglobin (13.5 ± 1.5 versus 11.3 ± 1.1; *P* \< 0.0001), better NYHA functional class (2.0 ± 0.6 versus 3.3 ± 0.5; *P* \< 0.001), and a lower readmission rate (25.9% versus 76.3%; *P* \< 0.001). In the multivariate Cox proportional hazards model, combined therapy was associated with a reduction of the combined end point of all-cause mortality or cardiovascular hospitalization (hazard ratio 0.2, 95% confidence interval \[0.1--0.6\]; *P* \< 0.001). However, the study was conducted in an open-label, nonrandomized fashion, which may have led to a significant bias in interpretation of the results.[@b73-cia-8-111]

Conclusion
==========

Anemia is a frequent occurrence in HF patients and is common in the elderly population. Although the mechanisms involved in the development of anemia in heart failure are multiple, some of which remain to be scientifically proven, the weight of evidence suggests that it is likely due to a complex interaction of underlying iron deficiency, defective epoetin production, epoetin resistance, and activation of the renin-angiotensin-aldosterone system, along with the presence of underlying chronic kidney disease and activation of proinflammatory cytokines. Once considered a complication of heart failure, anemia is now emerging as a potential contributor and therapeutic target in patients with the condition. Although treatment with intravenous iron has shown promising results in recent years, large-scale, multicenter, randomized, controlled trials are long awaited. Available studies have not reported consistent improvement in symptoms or quality of life with epoetin or darbepoetin alfa therapy in HF patients. This may be partly due to unmasking of underlying functional iron deficiency with ESA therapy alone. Combination therapies may provide a reasonable solution, but multicenter, randomized, doubleblind trials are still lacking, particularly in elderly anemic patients with heart failure. In the elderly population with heart failure and anemia, no evidence-based recommendation to use epoetin or darbepoetin alfa can be made at this stage, unless anemia is very severe and CKD is coexisting, so that appropriate CKD guidelines may be applicable. Given the recent evidence linking ESA therapy to achieve high target levels of hemoglobin in anemic patients with CKD to higher mortality and cardiovascular complications, it would be extremely important to be cautious in utilizing this approach when treating anemic patients with heart failure, including the elderly. Whether newer ESA will have different outcomes remains to be explored in this population. Emerging therapies to counteract mediators of anemia in heart failure may alter the treatment of this condition in the future.
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###### 

Definitions of anemia proposed by various authorities

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Anemia definition                                                  Proposed by                                          Comments
  ------------------------------------------------------------------ ---------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Hgb \< 13 g/dL for men or \< 12 g/dL for women                     World Health Organization                            Historical definition\
                                                                                                                          Not validated in HF population

  Hgb \< 13.5 g/dL for men or \<12 g/dL for women                    National Kidney Foundation                           Modifid their original gender-independent cutoff of 12 g/dL to identify more patients as being anemic, in an effort to increase the anemia recognition in CKD patients

  Hgb \< 12 g/dL (men \> 70 years) or \<13.5 g/dL (men ≤ 70 years)   European Best Practice Guidelines on anemia in CKD   Guidelines have not been tested in non-CKD patient populations

  Hgb \< 11.5 g/dL (in women, age-independent)                                                                            

  Hgb \< 13 g/dL for men or \<12 g/dL for women                      KDIGO                                                Similar to World Health Organization definition
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** CKD, chronic kidney disease; HF, heart failure; Hgb, hemoglobin; KDIGO, Kidney Disease: Improving Global Outcomes.

###### 

Laboratory findings in ferropenic anemia, chronic disease anemia, and HF-related anemia with iron deficiency[@b40-cia-8-111]

  Type of anemia                           Soluble transferrin receptors   Transferrin saturation   Total iron binding capacity   Ferritin   Serum iron
  ---------------------------------------- ------------------------------- ------------------------ ----------------------------- ---------- ------------
  Iron deficiency anemia                   ↑                               ↓                        ↑                             ↓          ↓
  Anemia of chronic disease                ↔ or ↑                          ↓                        ↓                             ↔ or ↑     ↓
  HF-related anemia with iron deficiency   ↑                               ↓                        ↔ or ↑                        ↑          ↓

**Abbreviation:** HF, heart failure.

###### 

Comparison of the design of CREATE, CHOIR, and TREAT studies[@b42-cia-8-111],[@b56-cia-8-111]

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                                                Demographics                                                                                Clinical subgroups      Baseline GFR                   Intervention
  -------------------------------------------------------------------- ------------------------------------------------------------------------------------------- ----------------------- ------------------------------ ---------------------------------------------------------------------------------
  Pfeffer et al[@b59-cia-8-111]\                                       n: 1287 versus 1355\                                                                        CVD: 67.9\              GFR: 34                        Darbepoetin alpha titrated to high (13.0 g/dL) versus low (9.0 g/dL) Hgb target
  Heart disease subset of TREAT multicenter, international 29 months   (2636/4044 enrolled had CvD)\                                                               CHF: 50.2\                                             
                                                                       male: 46, mean age: 70\                                                                     PAD: 31.8\                                             
                                                                       White: 69, Black: 19, Hispanic: 9.3                                                         RAAS blockers: 77.7                                    

  Singh et al[@b58-cia-8-111]\                                         n: 192 versus 183\                                                                          CHF                     GFR: 26.9 versus 26.0          Epoetin alpha titrated to high (13.5 g/dL) versus low (11.3 g/dL) Hgb target
  CHF subset of CHOIR 36 months                                        mean age (Hgb 13.5 group versus Hgb 11.3 group): 70.2 versus 69.5 male: 46.4 versus 56.3\                                                          
                                                                       Black: 29.3 versus 27.3\                                                                                                                           
                                                                       Hispanic: 9.4 versus 12.0                                                                                                                          

  Drüeke et al[@b57-cia-8-111]\                                        n: 600\                                                                                     CHF: 33% versus 31%\    GFR: 24.9 versus 24.4 mL/min   Epoetin beta 2000 units\
  Open-label, randomized CREATE                                        Group 1: target Hgb of 13--15 and group 2: target Hgb of 10.5--11.5\                        ACEI: 51% versus 47%\                                  SQ weekly to achieve target Hgb 13--15 in group 1 versus 10.5--11.5 in group 2
                                                                       Mean age: 59.3 versus 58.8 years\                                                           ARB: 19% versus 22%                                    
                                                                       Male 57 versus female 51                                                                                                                           
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CHF, congestive heart failure; CVD, cardiovascular disease; GFR, glomerular filtration rate; Hgb, hemoglobin; NIH, National Institutes of Health; TSAT, transferrin saturation; CREATE, Cardiovascular Reduction Early Anemia Treatment Epoetin beta; CHOIR, Correction of Hemoglobin Outcomes in Renal Insufficiency; RAAS, renin-angiotensin-aldosterone system; TREAT, Trial to Reduce Cardiovascular Events with Aranesp^®^ Therapy.

  Baseline iron stores                                                                                                     Baseline Hgb                       Mean change in Hgb                                                                                                                                 Funding source
  ------------------------------------------------------------------------------------------------------------------------ ---------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------
  TSAT%: 23                                                                                                                10.4                               For overall cohort (n = 4044)                                                                                                                      Amgen
  Ferritin: 134                                                                                                                                               Median achieved Hgb 12.5 (change of 2.1) versus 10.6 (change of 0.1)                                                                               
  Ferritin (Hgb 13.5 group versus Hgb 11.3 group): 159.5 versus 193.5, *P* = 0.050. TSAT%: 22.1 versus 24.1, *P* = 0.043   Hgb 13.5: 10.0                     Achieved mean Hgb was 12.6 in the target group with 13.5. Mean change in Hgb was 2.5 in the high target group versus 1.2 in the low target group   CHOIR funded by Ortho Biotech and Johnson & Johnson. This secondary analysis by NIH
  Hgb 11.3: 10.0                                                                                                                                                                                                                                                                                                 
                                                                                                                                                                                                                                                                                                                 
                                                                                                                                                                                                                                                                                                                 
                                                                                                                                                                                                                                                                                                                 
  Ferritin (Hgb 13--15 group versus Hgb 10.5--11.5 group): 174.4 versus 189.4, TSAT%: 25% versus 38%                       Baseline Hgb 11.6 in both groups   Achieved Hgb was 13.49 in group 1 versus 11.6 in group 2                                                                                           Roche/Neorecormon^®^ (epoetin-beta)

###### 

Summary of the studies included in the recent meta-analysis by Van der Meer et al[@b42-cia-8-111],[@b64-cia-8-111]

  Study                                  Follow-up    n     Patients                                        End points                                                         Major exclusion criteria                                                                        ESA therapy           Target Hgb            Study design
  -------------------------------------- ------------ ----- ----------------------------------------------- ------------------------------------------------------------------ ----------------------------------------------------------------------------------------------- --------------------- --------------------- -------------------------------------------------------------------
  Parissis et al[@b65-cia-8-111]         3 months     32    NYHA II--III LVEF \< 40% Hgb \< 12.5 g/dL       Exercise capacity Echocardiographic LV and RV evaluation           sCr \> 2.5 mg/dL                                                                                Darbepoetin alfa      14.0 g/dL             Randomized, single-blind, placebo-controlled, single-center study
  Ghali et al[@b63-cia-8-111]            1 year       319   NYHA ll--IV LVEF \< 40% Hgb \< 12.5 g/dL        Change in exercise time NYHA class, mortality HF hospitalization   sCr \> 3.0 mg/dL                                                                                Dacarbepoetin alfa    14.0 g/dL             Randomized, double-blind, placebo-controlled, multicenter study
  Van Veldhuisen et al[@b67-cia-8-111]   26 weeks     165   Symptomatic HF LVEF \< 40% Hgb 9.0--12.5 g/dL   Hgb increase, 6-minute walk distance, safety                       sCr \> 3.0 mg/dL                                                                                Darbepoetin alfa      14.0 g/dL             Randomized, double-blind, placebo-controlled, multicenter study
  Ponikowski et al[@b62-cia-8-111]       26 weeks     41    Symptomatic CHF LVEF \< 40% Hgb 9--12 g/dL      Exercise tolerance and duration, NYHA, BNP, hospitalization        Blood transfusion or ESA within 12 weeks sCr \> 3.0 mg/dL                                       Darbepoetin alfa      Hgb 13.0--15.0 g/dL   Randomized, double-blind, placebo-controlled, multicenter study
  Mancini et al[@b61-cia-8-111]          3 months     23    NYHA III/IV Ht \< 35%                           Exercise performance                                               Non-ambulatory patients, continuous inotropic agents, iron deficiency anemia sCr \> 2.5 mg/dL   Erythropoietin alfa   Ht \> 45%             Randomized, single-blind, placebo-controlled, single-center study
  Palazzuoli et al[@b66-cia-8-111]       3 months     38    NYHA III/IV Hgb \< 11 g/dL                      NYHA class, exercise capacity, renal function, O~2~ use, BNP       Secondary causes of anemia, isolated diastolic HF, \< 12 weeks Ml sCr \> 5.0 mg/dL              Erythropoietin beta   Hgb 11.5--12.0 g/dL   Randomized, double-blind, placebo-controlled, single-center study
  Silverberg et al[@b70-cia-8-111]       8.2 months   32    LVEF \< 40% Hgb 10--11.5 g/dL                   Days of hospitalization                                            Secondary causes of anemia                                                                      Erythropoietin        12.5 g/dL             Randomized, open-label, single-center study

**Abbreviations:** BNP, brain natriuretic peptide; ESA, erythropoietin-stimulating agent; Hgb, hemoglobin; HF, heart failure; ht, hematocrit; Ml, myocardial infarction; sCr, serum creatinine; LV, left ventricular; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; RV, right ventricular.
